This article puts forth a mathematical and astronomical model that helps explain the structure of the Aramaic Astronomical Book (AAB; 4Q208-211), in particular the sequences of fractions in 4Q208 and 4Q209. The article confirms and builds upon Drawnel's reconstruction of this highly formulaic composition. The model proposed here demonstrates that the numerous fractions of the AAB, although they seem bewildering and incomprehensible to many readers today, constitute genuine and authentic astronomical knowledge. While there are parallels between the AAB and Mesopotamian astronomical texts, especially the Enūma Anu Enlil, they do not necessarily indicate that the author of the AAB had direct or extensive access to centers of astronomical knowledge in Babylon.
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Alpin" and tables A and B of Tablet XIV of the divinatory series Enūma Anu Enlil (EAE).6 Ben-Dov argues that a key innovation on the part of 4Q208-209 is that the system of fifteenths used in EAE to gauge the duration of the illumination of the moon was changed to a system of fourteenths because of their authors' "Jewish septenary ideology."7 While the fractions in 4Q208-209 may have had some sort of symbolic value for their authors, we shall demonstrate that the fractions for lunar visibility may be understood in terms of elementary calculations based on a simple model of the mean (average) motion of the Moon and Sun. Furthermore, this astronomical model is based on simple concepts widely known throughout the ancient Near East for many centuries before 4Q208 was written.8 The fractions of the AAB, though they may seem bewildering today to some readers, reflect authentic and systematic knowledge regarding the mean motions of the Sun and the Moon.9 Also below we will argue that while parallels do indeed exist between the AAB and Babylonian texts, especially EAE, 6 For him it comprises an "expanded model" because the text contains not only fractions regarding the visibility of the Moon but also a system of heavenly gates, which he argues was added by a Jewish Enochic author. His moniker "EMLV" is intended to improve upon Milik's term for the composition, the "Synchronistic Calendar," which he justifiably critiques. See Ben-Dov, Head of All Years, [71] [72] 190 (SVTP 7; Leiden: Brill, 1985) , 10; Florentino García Martínez, Qumran and Apocalyptic (STDJ 9; Leiden: Brill, 1992) , 52.
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The Informative Fragments
The calendar structure of the AAB is a sequence of sets of sentences, each set describing the Moon on successive days of the month. The fragments which mention a specific day number and one or more visibility fractions are of the most use in understanding the underlying scheme. In Table 1 below we, following Drawnel, display the numerical contents of individual or closely related fragments in tables. Since the denominator of each fraction is always seven, we include only the numerator in our tables. The first column in each table is the day number in the month. For no extant fragment is there any information about the first day of the month, or any introductory information, such as the name or number of the month, or whether the month has 29 or 30 days.
The contents of columns two through five depend upon whether the day is before or after full moon. For days before full moon:
(a) column two contains a fraction that is the time from sunset to moonset, divided by the time from sunset to sunrise, which we denote with the acronym ss2ms. (b) column three contains ms2sr, the fraction of the night between moonset and sunrise, (c) column four contain sr2mr, the fraction of the daytime between sunrise and moonrise, and (d) column five contains mr2ss, the fraction of the daytime between moonrise and sunset.
In addition, each table has a sixth column which contains a fraction representing the amount of the Moon's surface that is illuminated, but these fractions play little role in our analysis. For days after full moon:
(a) column two contains ss2mr, the fraction of the night from sunset to moonrise, (b) column three contains mr2sr, the fraction of the night between moonrise to sunrise, Dead Sea Discoveries 21 (2014) 176-210 (c) column four contain sr2ms, the fraction of the daytime between sunrise to moonset, and (d) column five contains ms2ss, the fraction of the daytime between moonset to sunset.
For days after full moon, column six contains a fraction representing the amount of the Moon's surface that is dark. Note that the numbers in a row relate to one another. In particular, the fractions in columns two and three and in columns four and five, are complementary parts of the night or daytime, and so must sum to unity, thus the numerators sum to seven.
In a few cases, e.g. 4Q209 2 ii 6, day 14, the text reads "And it shines during night fourteen in it all nigh[t," indicating that the Moon was visible the entire night, and this is signified in the table by the numerator 7, or fraction 7/7 = 1.
In the following tables, numbers without brackets are clearly legible. Numbers in square brackets have been reconstructed and are based on a sufficient amount of legible text.10 We omit numbers which Drawnel put in square brackets if the numbers have been wholly supplemented, even when safely reconstructed on the basis of the systematic and formulaic nature of the composition. Thus, for example, it is safe to conclude from the position of the second "[5.5]" in 4Q209 3 that it corresponds to ms2sr on the day immediately following day 2, even though the phrase "day three" is not extant.11 Blank cells signify either that no number is present, or the text is too fragmentary to be confidently reconstructed. Assembling all of these fragments into a single table (see Table 2 below), we see that they fit together cleanly. When we have an entry in the same column and the same day number on different fragments, it is always the same number (e.g. ss2mr on day 27 in 4Q209 7 ii and 4Q209 6). When we have both numbers of the complementary pairs in columns 2 and 3 or 4 and 5, the numbers always sum to 7 (e.g. the pairs for days 25 and 26 in 4Q209 7 ii) . Particularly noteworthy is that fragment 4Q208 24 i, although written some two centuries earlier, matches as expected with 4Q209 3 for days 2 and 3. By putting these eight fragments into a single table we do not mean to imply that all the fragments come from a single month. Rather, our purpose is simply to show that the fragments are all consistent with the simple rules given just above. Understanding the actual calendar that was embodied in the original full texts is a much more difficult problem, and our thoughts on that question will be presented in section 4 below. Note that of the eight informative fragments, only one comes from 4Q208. Given that 4Q208 is about two hundred years older than 4Q209, it is perhaps not surprising that its surviving fragments are smaller, and so for our purposes less informative, than those from 4Q209.
An Astronomical Model
It is natural now to ask at least two questions. First, how are the numbers related to what is observed in the sky? And second, how did someone construct them? Regarding the first question, it is immediately clear that the numbers are only loosely related to any real observations. For example, moonrises which closely follow sunrise in the first few days of any month, and likewise moonsets just before sunset in the final days of any month, are simply not visible to the naked eye because the Moon is lost in the glare of the Sun. While it is certainly Table 2 true that, for example, the interval between sunset and moonset increases night by night during the first half of any month, the changes in duration observed are by no means constant fractions of the length of the night. In the first place, the elongation of the Moon from the Sun on any given day of the month varies significantly month to month, so that in a particular month the interval from, for example, sunset to moonset can be significantly different from what is observed in another month. In the second place, the length of nighttime itself changes with the seasons-shorter in the summer, longer in the winter, and the length of daytime varies inversely. And in the third place, the Moon's orbit is tilted about 5° with respect to the Sun's orbit, and the changing latitude of the Moon will affect the intervals. For all these reasons we can be sure that the numbers in the table are at best schematic, i.e. intended to summarize in a general, average way the trend of an otherwise highly variable reality.12 Given then that we are dealing with schematic, average numbers, how might they have been constructed? One way would be to keep daily records of the relevant time intervals-sunset to moonset, sunrise to moonrise, etc.-over many months, and preferably years, and then average them. We are aware of no evidence for or against the idea that such record-keeping was ever done. The most extensive records we know, the Astronomical Diaries of the Babylonians (about 650 B.C.E. to 100 C.E.), keep records for these phenomena only just before and after new and full moon, but not for every day in the month.13 An alternative, and much simpler, approach would be to assume a highly schematic and idealized pattern for the month and year. In fact we have an example of just such a simple scheme in Tablet XIV of EAE, which dates to around 1200 B.C.E., and it will be useful for our analysis of the 4Q208-209 fragments to review how the information in EAE can be understood in terms of very simple astronomy of the Sun and Moon.14 And as we will eventually see, the astronomy that underlies 4Q208-209, which is still simple, is somewhat more sophisticated than what we find in EAE, no doubt reflecting, at least in part, the advances in astronomy during the millennium that separates the texts.
We learn from tables C and D of Tablet XIV that the schematic year underlying the EAE scheme has 360 days, and each of the twelve months has 30 days. Tables A and B of Tablet XIV give two closely related schemes for the time intervals from sunset to moonset (ss2ms) in the first half of the month, and sunset to moonrise (ss2mr) in the second half of the month. The only fundamental difference in the two schemes is that in Table A , during the first and last five days of the month, the daily change is not a constant increment but a constant multiple. This difference is not significant for us.
To be sure, the original tablet gives numbers not in fractions of a night but in units of time. The unit in Table A is time degrees (UŠ), and there are 360 UŠ per day, so 1 time degree is 4 minutes of our clock time. The units in Table B are minas and šiqlus, which are water-clock units, and there are 3 minas per night and 5 šiqlus per mina. Table 3 below shows the scheme for Table B in our units, fractions of the night.
In order to understand the astronomical basis for these numbers, let us consider the situation shown in Figure 1 below. The observer is at the center O and is looking south (into the page), and the horizontal line is the horizon. The Sun S is on the western horizon (to the observer's right), and the Moon M is in the western sky. The lunar elongation is, by definition, the angular distance D of the Moon from the Sun, as seen by the observer, so it is the angle SOM. Let us first consider a particularly simple problem. Suppose the Sun and Moon are firmly attached to the circle above (they might be balls attached to a wheel), and the circle is rotating clockwise at a speed of one full revolution per day. Thus, if we start the above configuration at some time t0, then ½ day later the Sun will be on the eastern horizon and we will have sunrise, and ½ day after that, the Sun and Moon will have returned to exactly the positions they have at time t0. The simple problem we want to consider first is how long, in days, will it take the Moon to reach the western horizon? And having computed this, what fraction of the night does it represent?
This first question is simply a distance = speed x time problem, with the slight complication that the 'distance' is an angle, given in fractions of a full revolution, the time is in days, and so the speed has units of revolutions per day. So, for example, if D = 1/30th of a revolution (which in degrees is 12°), then t = 1/30th of a day. Then, to answer the second question, note that 1/30th of a full day is equal to 1/15th of a night or daytime.
Let us modify the problem and bring it closer to reality, and explain the numbers in EAE XIV B.16 We know that the Moon is in reality not staying at a fixed elongation from the Sun, but is instead moving around the circle in a counterclockwise direction. Let us suppose that at some moment the Moon and the Sun are at the same point on the circle (the technical term for this is conjunction) so that the elongation D = 0. Then the Moon moves counterclockwise around the circle, with D increasing each day, until eventually the Sun and Moon are once again at the same place.
This time interval, the time it takes the Moon to go around the circle and return to the Sun, is by definition one month, and for EAE this is 30 days. Since the Moon moves one full revolution around the circle in 30 days, the average speed of the elongation of the Moon is The tablet states that on the first day of a (schematic 30-day) month, the time interval from sunset to moonset is 1/15th of the night, on the second day it is 2/15th of the night, and so on, until on the 15th night, it is 15/15th = 1 full night. This is exactly what we get if we start with a conjunction, D = 0, at sunset on some day, at which time the Moon is completely invisible in the glare of the setting Sun. at sunset, the time interval from sunset to moonset will be 1/15th of a night, just as we find in EAE table B.
Continuing to the sunset beginning day 2, the elongation increases by the amount η, and so is now D r = = 2 1 15 η . We are now in a position to calculate how long we have to wait for moonset according to this elongation. We know from our first problem above that when the elongation of the Moon is Dr, then the time interval until moonset will be Dd, so on day 2 we find that the interval sunset to moonset is Before we give the astronomical model underlying the AAB, we must correct an error in the discussion as presented above. When, in the first problem above, we computed the time interval from sunset to moonset for some elongation D, we silently assumed that during that time interval, the elongation remains constant. That, however, is clearly not the case. Although the Sun is always moving at a clockwise speed of ω = 1r/d relative to the horizon, the Moon is always moving counterclockwise at speed η with respect to the Sun. Thus, instead of saying that both the Sun and the Moon approach the horizon in the clockwise direction at a speed of ω = 1r/d, we should say the Moon approaches the horizon at the speed where the minus sign arises from the fact that the elongation η is increasing in the counterclockwise direction while ω is increasing in the clockwise direction.
Thus, when we compute the time interval from sunset to moonset for some elongation D = αη, we get, instead of t = D as above, the corrected value where we have used the facts that m= 1/η and that η̄ and η have the same numerical value.
With this correction, let us now consider the following simple model underlying the AAB:
(1) the average month length is 29½ days, and so 29-day and 30-day months occur alternately. (2) when the Moon is closer to the Sun than η̄ revolutions, i.e. during one day before and after astronomical new moon, the Moon cannot be seen.17 From (1) we find that the Moon's average speed relative to the Sun is then η =1r/29½d, and from (2) we conclude that the first day of the civil month will occur when at sunset the lunar elongation equals or exceeds η̄ revolutions.18 On the other hand, on the first day of the month the lunar elongation cannot exceed 2η, since if it did then one day earlier the elongation would have been greater than η̄ and that would have been day 1 of the month.
It remains to specify one additional ingredient before we can begin the calculation: the elongation at the beginning of the first day of the month. Since the initial elongation D for any month must be between η̄ and 2η, let us, as an illustration, suppose it is 1¼η. Since in our simple model an astronomical month, i.e. the time interval that must elapse for the Moon to advance one full revolution, is 29½ days, then after 30 days, i.e. one month plus an extra ½ day, the elongation of the Moon will be 1¼η̄ plus the elongation that occurs in the extra ½ day, namely ½η, or in total, 1¾η. Now, however, another full 30-day month would bring the elongation to 2¼η, but it is impossible for day one of any month to begin with an elongation greater than 2η. So after 29 days, rather than 30, our elongation is instead 1¾η-½η̄ = 1¼η. This means that our initial 30-day month, with initial elongation equal to 1¼η, was followed by a 29-day (1) the average month length is 30 days, so every month is 30 days, and (2) it is assumed that at a given sunset (in fact, the beginning of the 30th day of every month) there is a perfect conjunction of the Sun and Moon, and that on the following day (day 1 of the next month) the crescent Moon is first visible. In addition, EAE commits the error discussed above (the elongation is assumed to be constant in the period ss2ms). In the case of both the EAE and AAB models we are not claiming that our way of stating the underlying assumptions is exactly the way any ancient astronomer thought about it. There are certainly other, equivalent, formulations, and of course we have no idea just how the ancients were thinking. 18
To be clear, astronomical new moon occurs when the Sun and Moon are in conjunction (elongation D = 0), and astronomical full moon occurs at opposition (D = ½r). Thus new moon is always unobservable to the naked eye (the Moon cannot be seen in the glare of the Sun), and the time of full moon cannot be determined by naked eye observation to less than a fraction of a day, perhaps 6 hours or so (i.e., the Moon appears fully illuminated for several hours on either side of the moment of opposition). The interval in days between astronomical new or full moon is thus always (in this model) exactly 29½ days. On the other hand, the civil month begins by definition at sunset of the first day that the slender crescent Moon can be observed near the western horizon just before sunset, and so in our model will be between one and two days following astronomical new moon. Thus the civil month is always an integer number of days-29 or 30 days in our simple model, and almost always one of these values in reality. Full moon occurs exactly 14 ¾ days following astronomical new moon, or between 12 ¾ and 13 ¾ days following the start of the civil month, and can therefore occur at any time of day or night. . Similarly, if α is its smallest possible value, 1, then full moon occurs at day 13¾ (noon on day 13), and if α is its largest possible value, i.e. just below 2, then full moon occurs just before day 14¾ (noon on day 14), so full moon never occurs on day 15 of any month (in this simple model, based on averages). Now we can develop the daily progression of events in each half of the month, with each day beginning at sunset. In the first half of the month, suppose that the elongation of the Moon at sunset of day n is D ss = αη. and at sunset the elongation of the Moon is which will be, of course, the elongation at the beginning of the following day. The first day in the second half of the month begins at the sunset following astronomical full moon. The daily sequence of events changes to sunset, moonrise, sunrise, and moonset, and starting with D ss = ½ + αη we have At sunset the elongation of the Moon is then and this is the elongation D ss at the beginning of the following day.
In the sequence given above we are to divide by m -1 in four places: the calculations of t ss2ms , t sr2mr , t ss2mr , and tsr2ms , and then, whatever the result is, we are to round it to the nearest multiple of ½/7. Let us consider the case of computing α/(m -1), using the value m = 29½. Clearly, So to calculate the numerator (with denominator 7) that goes into Tables 4-6, we have to compute the product α ⋅ 56 57 , round it to the nearest integer, and then divide that by two. Note that the multiplication by 56 57 makes no difference in the outcome unless the fractional part of α is slightly larger than ½. Therefore, it might seem tempting to simplify things and omit that multiplication, but for now let us not do that.
Filling in the tables based upon these formulas is easier than one might guess at first glance, and virtually all of the multiplication and division can be avoided. Here is the annotated procedure in a series of simple steps:
1.
construct a table with seven columns and 30 rows, and write the row number in column 1 of each row. This number is the day of the month. Columns 2 and 5 will contain the elongations, in units of η, at sunset and sunrise. For α < 14¾ (elongation less than 180°) columns 3 and 4 will contain the numerators for ss2ms and ms2sr and columns 6 and 7 will contain the numerators for sr2mr and mr2ss. For α > 14¾ (elongation greater than 180°) columns 3 and 4 will contain the numerators for ss2mr and mr2sr and columns 6 and 7 will contain the numerators for sr2ms and ms2ss. 2. pick an initial elongation αη, and in the first row write the value of α in column 2 and α + ½ in column 5, letting α be some simple fraction 1 ≤ α < 2. Fill out the remainder of columns 2 and 5 by writing in each row the value in the previous row incremented by 1. Eventually, one of the numbers in columns 2 or 5 will, for the first time, equal or exceed 14¾. This will happen between noon and sunset of day 13 if 1 ≤ α < 1¼ , between sunset and sunrise of day 14 if 1¼ ≤ α < 1¾ , or between sunrise and noon of day 14 if 1¾ ≤ α < 2 . Whenever α equals or exceeds 14¾, subtract 14¾ from it. 3. for each row, multiply the values in columns 2 and 5 by 56 57 , round the product to the nearest integer, divide by 2, and write the result in columns 3 and 6, respectively (thus the only non-trivial part of the entire calculation is to decide whether the fractional part of the product is less than ½). Now subtract each number in columns 3 and 6 from 7, and write the result in the same row of columns 4 and 7, respectively. Now all the entries in columns 3, 4, 6, and 7 are 0, ½, 1, 1½, 2, . . . 6, 6½, or 7, and for any row the values in columns 3 and 4, and 6 and 7, sum to 7. The results of this algorithm agree with all the values in the eight fragments of AAB given above for any initial α between 1.26 and 1.42, so let us fill out a sample 30-day month with a representative initial elongation of 13 / 10 η̄ (see Table 4 below). In Tables 4-6 , the values that appear in the fragments of the AAB discussed above are in bold-face type. Note that these values match exactly those read in 4Q208-209. Table 4 If the calendar was using both 30 and 29 day months, then fragment 4Q209 2 ii could be part of a 29 day month for any value of α between 1.50 and 1.74. In this case, the lower limit of the initial α drops to 1.17. Thus we choose as representative values 1 2 10 η for the 30-day months and 1 7 10 η for the 29-day months (see Tables 5-6 ). Again, numbers in boldface agree with values found in the AAB. The Astronomy of the Qumran Fragments 4Q208 and 4Q209
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Dead Sea Discoveries 21 (2014) Dead Sea Discoveries 21 (2014) then the result is less than ½, and the rounding will be down to the nearest integer, which divided by 2 will give the entries in the column for ss2mr. However, omitting the multiplication by 56 57 , the rounding will be up to the nearest integer, and the result will be incremented up by ½ relative to the result that used the 56 57 factor. The second consequence occurs when we notice that in the determination of t ms2sr , 
the second equality does not hold if the factor 56 57 is omitted. In fact, the corrected calculation becomes so the subtraction from 7 in step 3 is also incorrect in some instances. It is certainly plausible that anyone doing the calculations would have realized both of these situations, and given the relatively minor effort required to include the 56 57 factor, it seems likely that the minor amount of extra work would could have been done by the ancient analyst.
If we consistently use the 56 57 factor, then there are additional consequences that should be noted. First, although the fractions in each column usually change smoothly by ½ unit between adjacent rows, this is not always the case. An example occurs in the evening of days 17 and 18 in the 30 day month using 13 / 10 η, when the values for ss2ms and ms2sr do not change. Second, although the fractions in columns 3 and 6, and columns 4 and 7, often differ by ½ unit, this is not always the case. An example occurs in days 15 to 17 of the same table, and the equal values for mr2sr (column 4) and ms2ss (column 7) on day 15 are actually attested in fragment 4Q209 2 ii. Drawnel suggested that the 6½ for ms2ss was a scribal error for 6, but the number is clearly written in the text and is predicted by our model.20 This dual pattern is hardly surprising; after all by simple symmetry considerations, why should numbers going from night to day of the same day behave differently than numbers going from day to night of the following day? These two consequences are, of course, related. If, however, we choose not to include the 56 57 factor, then neither of these consequences would happen. 20 See When we discussed the AAB fragments in section 1 above, the final column in each table was also a multiple of ½/7, just like all the other numbers, but the meaning of the number, according to Drawnel's interpretation, is, for rows in the first half of the month (the waxing phase), the fraction of the Moon's surface that is illuminated at moonrise (which occurs during the day), and, for rows in the second half of the month (the waning phases), the fraction of the Moon's surface that is dark at moonrise (which now occurs at night). It so happens that these fractions are, in every case that can be checked, numerically equal to the values for sr2mr and ss2mr, respectively. Using elementary geometry and trigonometry it is easy to compute these fractions for a given elongation of the Moon. However, unlike the case of the intervals of lunar visibility, which change linearly throughout the month, the daily change in the illuminated or dark fraction of the Moon is approximately linear only for the days not near new or full moon. In any event, these values give us no additional information to help understand the fractions discussed above related to the time periods of lunar visibility.
EAE and AAB Relationships
As discussed earlier, the underlying astronomical models of EAE and the AAB are similar, but differ in several details that generally bring the AAB closer to reality. The EAE assumes twelve 30-day months in one year, with each month ending on day 30 with a perfect conjunction. Thus the elongation of the Moon at the beginning of day 1 is always η̄ = 1 /30 r (= 12°). The AAB, in our model, assumes an average month of 29½ days, and hence twelve months have 354 days.21 The elongation of the Moon on the first day of each month is between η̄ and 2η, where now η̄ = 1 /2 9 1 / 2 r (= 12.2°). Beyond these differences, however, are several others:
(a) EAE tabulates only time intervals, so there are no fractions. The AAB tabulates only fractions. (b) EAE computes the time intervals assuming that during the intervals the elongation of the Moon remains constant, and as a result, the time intervals given by EAE are in error. This error is not present in the AAB. Given the extremely fragmented nature of the texts, it is very difficult to conclude from the surviving fragments just how many months were in the original version of the AAB. Nor can we be sure the number of months was the same in each text. We do know, from the sporadic mention of the Moon, and even more sporadically the Sun, rising and setting in gates (sectors of the horizon, sometimes numbered) that there were multiple months.22 Given all that we know about lunar months in antiquity in the ancient Near East, the natural expectation would be that AAB's calendar was based on (approximately) alternating 30 and 29 day months, a practice used since at least the 3rd millennium B.C.E.23 However, it seems statistically odd that of the eight surviving fragments that we have used, at least seven and possibly eight attest a 30 day month. For this we can offer no convincing explanation. One possibility is that we are seeing a simple statistical fluke, and that the full 4Q208 had alternating 29-day and 30-day months, with some sort of intercalation to align the lunar and solar years. A statistical fluke can hardly be ruled out, especially since there is no reason to think that our sample of surviving fragments was chosen randomly from the complete document. Instead, the surviving material may have been correlated for some reason, and so simple statistical arguments would not apply. Another possibility is that a simple set of twelve 30-day months was chosen by the author of 4Q208 for the same reason that presumably motivated the author of EAE, namely, some combination of convenience and tradition. After all, it is much easier to compute financial accounts, interest rates, payments due, etc., in a year built from 12 30-day months.24 Although it hardly seems likely, perhaps 4Q208 and 4Q209 were built around a 364 day solar year constructed from 30 day months with an extra day more or less crudely appended every third month, not unlike 1 En. 82:6. Finally, while the calculations implied by the model we discuss are somewhat more complicated than those required for EAE Tablet XIV, they are far less complicated than those required for late Babylonian System A lunar models dating to around 400 B.C.E.25 Unlike the simple AAB model, System A takes into account the varying speeds of the Sun and Moon, the varying length of the day, and the latitude of the Moon. System A then computes the time of new and full moon, whether there is an eclipse, and if so, its magnitude. Some versions also calculate model predictions for the observations in the Astronomical Diaries (what we have called ss2ms and mr2sr, both near new moon, and ms2sr, sr2ms, mr2ss, and ss2mr, all near full moon).
In addition to the striking increase in astronomical and mathematical complexity, late Babylonian astronomical schemes such as System A differ from what we find in the AAB in at least three other ways. First, the interval between computed events in System A is monthly, not daily as we find in EAE and the AAB. In fact, it is rare to find model calculations of any kind in late Babylonian astronomy that progress day to day. Second, a typical System A tablet is a true table of numbers with little or no prose. There are typically 15 or more columns, and as many rows, one per month, as the writer cares to include (often several years worth). Third, late Babylonian astronomy as we know it is usually based on period relations, for example a statement such as 235 months is equal to 19 years, and these are implemented mathematically using step-functions or zig-zag functions that scrupulously and non-trivially implement the periodicity. Thus, for all these reasons, the AAB is less than a perfect fit to any roughly contemporary known late Babylonian astronomical tradition.
Assessing the Transmission of Astronomical Knowledge from Babylon to Judea
Despite the differences between the AAB and contemporary Babylonian astronomical writings, there are still correspondences between this Qumran document and older Babylonian texts such as EAE, as discussed above. If one posits that the author of AAB had familiarity with Babylonian traditions, how should one explain how he came in contact with them? There is no explicit evidence to answer the question but some speculation is possible. It is reasonable to concur with numerous scholars who have addressed the issue that there was some sort of influence of Babylonian learning on the AAB, typically through from cuneiform scribal houses in Achaemenid and Hellenistic Babylon suggest a relatively closed network of intellectuals, in which learning was transmitted within a small group of families.35 While there is some evidence for cuneiform scribes (ṭupšarru) who knew both cuneiform and Aramaic in Mesopotamia, there is none for a Jewish person receiving extensive astronomical training in Babylon during the Second Temple period. Popović argues that the assimilation of scribes who wrote in Aramaic (sepīru) into Babylonian literary culture took place primarily in legal and administrative contexts, separate from the scribal elites who wrote in cuneiform and were based in temples.36 There is evidence in this period of direct exchange between Greek and Babylonian intellectuals with advanced training in astronomy.37 There is no indication of a comparable exchange of knowledge between Jewish and Babylonian astronomers. As Popović has argued, the factors discussed above suggest a more indirect route for the transfer of astronomical knowledge than scholars have often articulated. 38 He has suggested that the evidence for scribes writing in Aramaic and cuneiform in the Neo-Assyrian period provides a context in which astronomical knowledge in cuneiform sources could have circulated into Aramaic and, then in that medium, could have been diffused more broadly beyond the relatively closed network of Babylonian elite scholars.39 A Babylonian astronomer may have left his scribal center and the author of AAB could have come in contact with him, or a center of knowledge that continued his teachings, either in Babylon or Palestine. This diffusion may have occurred in the Neo-Babylonian period, in the context of the Babylonian exile. In any case, the core evidence is that the AAB was written by someone who knew Aramaic and had accurate knowledge regarding lunar visibility that is similar to, but more advanced than, the long standing Babylonian astronomical traditions evident in the EAE. It is reasonable to posit that the author(s) of the AAB had some degree of familiarity with astronomical knowledge that ultimately originated in Babylon. The chain of transmission of this knowledge cannot be reconstructed with confidence, although channels in which this transfer of knowledge may have occurred can be posited.40
Therefore, while some degree of Babylonian influence on the originator(s) of the AAB can certainly not be ruled out, it might be more reasonable to simply suppose that the basic astronomical knowledge and mathematical technique that we find in the AAB model, at least as we have formulated it, would generally be familiar to some fraction of the well-educated people in the ancient Near East in the period 250-200 B.C.E., and was used to construct the scheme that we find in the AAB. Beyond this, however, there is nothing-country, culture, religion, etc.-that we can say with any confidence about the originator of the scheme attested in the AAB. And clearly then, we are in no position to say how far separated in time or space, if at all, the scribe who copied 4Q208 was from the originator of the scheme.
Conclusions
The lunar visibility fractions in 4Q208 and 4Q209 can be understood in terms of a simple model of the mean motion of the Moon relative to the Sun. This model endorses the elaborate reconstruction of the AAB developed by Drawnel. The empirical underpinnings of our model-an average month length of 29½ days and a first visibility of the Moon no sooner than 1 day following astronomical new moon-were well understood throughout the ancient Near East for many centuries before the composition of 4Q208 in ca. 200 B.C.E. Although the model is fundamentally simple, it is nevertheless not entirely elementary, and there is evidence that care was taken to produce a set of fractions that 40 Note, however, that the book of Jubilees claims that such exchanges of astronomical information took place. In reference to Nahor (the father of Abraham), Jub. 11:8 states: "His father (Serug) taught him the studies of Chaldeans: to practice divination and to augur by the signs of the sky" (cf. 
